Abstract. The aim of this study is to determine the accuracy rate of bronchopulmonary dysplasia (BPD) diagnosis and risk factors of short-term poor prognosis for premature infants. This study analyzed the clinical data of 81 premature infants (<32 weeks gestational age) with BPD, who were on oxygen therapy >28 days, and survived >36 weeks (corrected age). Outcome measures included treatments, conditions on the 28th day after birth, oxygen therapy conditions at the 36th week, occurrence of any serious complications during hospital stay. The major risk factors affecting prognosis were ventilation duration, duration of oxygen therapy, application of steroids, hypothyroidism and severity of BPD (all P<0.05). Interventions for complications (n=53) resulted in ceased inhalation of oxygen in 12 infants, improvement of symptoms in 26 infants, and were ineffective in 15 infants. BPD prognosis can be improved by shortening the duration of invasive ventilation and correcting thyroid function.
Introduction
Bronchopulmonary dysplasia (BPD) is a chronic respiratory disease that develops in extremely low birth weight (ELBW) and very low birth weight (VLBW) infants born with severe respiratory distress syndrome (RDS) (1) . It is caused by perinatal/neonatal lung injury and repair resulting from mechanical ventilation and oxygen therapy (1, 2) , and is characterized by airway injury and parenchymal fibrosis (2) . The type and timing of respiratory support are considered to play a role in development of BPD (3) . Factors such as genetic variations in surfactant proteins, fetal and neonatal infections, and polymorphisms of genes encoding vascular endothelial growth factors are also thought to contribute to the development of BPD (4) . Inconsistent standards for BPD diagnosis have resulted in the definition of BPD changing over the past 40 years. The classic diagnostic criteria for BPD include i) premature birth, ii) presence of RDS, iii) history of mechanical ventilation using a high concentration of oxygen and high airway pressure, iv) consistent oxygen assistance for >28 days, and v) alterations in chest X-rays (5) . Histological studies of lung tissue from these infants have exhibited parenchymal fibrosis, inflammation and smooth muscle hypertrophy leading to diffuse airway damage (6) .
The introduction of prenatal glucocorticoid therapy, postnatal surfactant therapy, gentler ventilation strategies and the use of continuous positive airway pressure with selective surfactant have resulted in a decreased incidence of classic BPD over the past two decades, particularly in infants born at >30 weeks of gestation (7) (8) (9) . Despite these advances, some VLBW infants who initially had minimal lung disease developed progressively worsening pulmonary function following mechanical ventilation for a few days or weeks. Histological examination of the tissues from these infants identified less fibrosis, fewer and larger alveoli, and significantly less epithelial metaplasia and smooth muscle hypertrophy in the small and large airways compared with that for the old diagnostic standards of BPD (1, 10) . The new definition of BPD is based on the requirement for supplemental oxygen at 36 weeks of corrected gestational age, positive pressure requirements and the gestational age of the infant (11) (12) (13) , and has a severity grade based on the level of respiratory support that is required, as follows: Mild, supplemental oxygen requirement at >28 days but not at 36 weeks postmenstrual age (PMA); moderate, supplemental oxygen requirement at >28 days and <30% at 36 weeks PMA; severe, supplemental oxygen requirement at >28 days and >30% at 36 weeks PMA and/or positive pressure
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at 36 PMA (1). However, BPD defined solely by the duration of oxygen therapy has been shown to be an inaccurate indicator of long-term pulmonary and neurological outcomes (14, 15) .
Currently, BPD is most frequently diagnosed in premature infants of gestational age <30 weeks and weight <1,000 g, and a BPD diagnosis identifies infants who are most at risk of respiratory problems in childhood, and sometimes adulthood (7, 16, 17) . Since BPD is frequently associated with growth retardation, recurrent infection of the lower respiratory tract, neuro-developmental delays, cognitive impairment and retinopathy of prematurity (ROP), it places a significant burden on the health care system, and is one of the major challenges faced in neonatal intensive care units (7, 16, 17) . Ascertaining the accuracy rate of a BPD diagnosis, evaluating the relationship between its clinical features and the long-term prognosis, and development of a prognostic model are therefore critical goals to assist the clinician in estimating the probable disease course, and identifying patients who are likely to benefit from interventions.
The present study retrospectively analyzed the clinical data of 81 premature infants diagnosed with BPD (<32 weeks gestational age), and investigated the significant risk factors of short-term poor prognosis.
Patients and methods
Patients. This study has been approved by the institutional review board of Beijing Military General Hospital (Beijing, China). Informed consent was obtained from all individual participants included in the study.
This retrospective study evaluated data from 746 premature infants (gestational age <32 weeks) who received oxygen therapy between June 2012 and December 2013 at the neonatal intensive care unit of the Bayi Children's Hospital affiliated to Army General Hospital. Premature infants who received oxygen therapy for >28 days, survived for >36 weeks (PMA) and who have 12-month follow-up assessments were included in the study. Premature infants whose age on admission was >14 days were excluded. Based on the inclusion and exclusion criteria, a total of 81 premature infants were enrolled in this study.
Clinical data. The clinical data of the 81 premature infants diagnosed with BPD were recorded. Data recorded included general perinatal information (gender, gestational age, whether the infant was a singleton or from a multiple birth, presence of intra-uterine infections and time of premature membrane rupture); treatment (invasive ventilation duration, non-invasive ventilation duration, duration of oxygen therapy, first time of application of steroids and steroids course prescribed); conditions on day 28 after birth (oxygen therapy, existence of complications causing oxygen reliance and effects of complications management); oxygen therapy conditions at week 36 after birth; degree of BPD based on the criteria of the National Institute of Child Health and Human Development (NICHD) (12) ; tests conducted (chest X-ray, cardiac ultrasound, computed tomography of the thorax, full blood counts and arterial blood gas analysis); occurrence of any serious complications during hospital stay, including ROP, greater than third degree intracranial hemorrhage, pulmonary hemorrhage or hypothyroidism. The major goals of complication management over the 28-day time period included cessation of oxygen therapy, and improvement of conditions as measured by transition from invasive to non-invasive therapy, non-invasive therapy to the use of an oxygen mask, and decrease in the concentration of oxygen therapy.
All 81 study subjects were followed up until a corrected age of 12 months. Follow-up visits included evaluations of lower respiratory tract infections (bronchitis, pneumonia and asthmatic bronchitis), and the development of neuro-motor skills (using a neuro-development table for 0-6-year-old children) (18) . Infants were classified under four categories based on their prognoses: i) Infants with recurrent infection of the respiratory tract plus delayed neuro-development, ii) infants with recurrent infection of the respiratory tract, iii) infants with delayed neuro-development, and iv) normal. A classification of recurrent infection of the respiratory tract indicated at least three separate infections of the lower respiratory tract. Neuro-development was examined by developmental quotient (DQ). DQ was evaluated using five parameters, including gross motor movements, adaptability, fine motor movements, language, and individual-social interaction, as previously determined (18) . DQ was calculated as follows: For a 0-1 year-old child, there was 12 groups which represent each month. In each group, 1 point was weighted for each parameter. For a 1-3 year-old child, there was 4 groups which represent each quarter. In each group, 3 points were weighted for each parameter. The calculation was as follows: DQ=(sum of all points in each group÷5)÷actual age x100. DQ<85 was defined as delayed development, as previously defined (18).
Statistical analysis.
Continuous variables are presented as means and standard deviations. Independent t-tests were used to compare the differences between infants with or without complications. One-way analysis of variance with Bonferroni post hoc testing was used to compare differences among different results of prognosis. Categorical variables were presented as counts and percentages. Chi-square tests or Fisher's exact tests were performed for group comparisons where appropriate. Multivariable logistic regression was performed to investigate which factors were associated with prognosis, delayed neuro-development and repeated infection of the respiratory tract. The factors included in the multivariable model were: Gender, gestational age, weight, weight change/per day, intra-uterine infection, premature rupture of membrane, PDA, PDA closure time, type of PDA closure, invasive ventilation duration, non-invasive ventilation duration, application of steroids, steroid treatment, duration of steroid application, complications, BPD severity, pulmonary hemorrhage, ROP, ROP requiring surgical treatments, level III (or higher) intracranial hemorrhage, hypothyroidism, eosinophil, pH, partial pressure of CO 2 , partial pressure of O 2 and O 2 concentration.
All statistical analyses were performed using SPSS statistical software version 22 for Windows (IBM Corp., Armonk, New York, USA). A two-tailed P-value <0.05 was considered to indicate a statistically significant result.
Results

Baseline characteristics and comparisons between infants with and without complications. A total of 81 infants
(58 males and 23 females) were included in this study. The mean weight of the study population was 1,242.04±278.58 g; the mean gestational age was 28.75±1.44 weeks; the mean premature rupture of membrane was 29.88±58.79 h; the mean patent ductus arteriosus (PDA) closure time was 12.95±11.19 days; the mean invasive ventilation duration was 11.91±10.25 days; the mean non-invasive ventilation duration was 16.33±10.82 days; and the mean duration of oxygen therapy was 50.21±20.53 days. There were 9 infants with severe BPD, 16 infants with moderate BPD and 56 infants with mild BPD (Table I) .
A total of 53 infants had complications while 28 infants had no complications. The mean duration of invasive ventilation was significantly higher in infants with complications compared with those without complications (13.78±11.3 vs. 8.36±6.73 days, P= 0.008). There were no significant differences between infants with and without complications among the other factors (Table I) .
Comparison of infants in different prognosis
groups. An analysis of prognoses indicated that 43 infants had a normal prognosis, 11 infants had repeated infections of the respiratory tract plus delayed neuro-development, 19 infants had repeated infections of the respiratory tract, and 8 infants had delayed neuro-development. The mean durations of invasive as well as non-invasive ventilation were significantly higher in infants with repeated infections of the respiratory tract and delayed neuro-development compared with infants who had a normal prognosis (invasive ventilation duration, 21.91±10.9 vs. 8.24±8.05 days, P<0.001; non-invasive ventilation duration, 24.18±11.42 days vs. 13.05±7.35 days, P=0.01). The mean duration of oxygen therapy was also significantly longer in infants with repeated infections of the respiratory tract and delayed neuro-development compared with infants who had a normal prognosis, infants who had repeated infections of the respiratory tract, and infants in the delayed neuro-development group (78.27±22.02 vs. 40.72±10.29, 54.79±24.69 and 51.75±8.38 days, respectively, P<0.05). There were significant differences in types of PDA closure, BPD severity, application of steroids, hypothyroidism and ROP (all P<0.05) among the four groups. There was a significantly higher incidence of severe BPD, steroid application and ROP among infants with repeated infection of the respiratory tract plus delayed neuro-development compared with infants in the other groups (P<0.05). Infants with delayed neuro-development had a significantly higher rate of hypothyroidism compared with infants in the other groups (P=0.007; Table II) .
Comparisons of the effects of different interventions in infants with or without complications.
Of the 81 infants, 53 had oxygen-dependent complications <28 days after birth. After interventions, oxygen inhalation was discontinued in 12 patients and oxygen concentration reduced in 26 patients, while oxygen therapy was unchanged for 15 patients. Follow-up revealed significant differences in prognosis as well as in the efficacy of interventions between patients receiving different interventions. Paired comparisons demonstrated a significant difference between the recurrent respiratory tract infection plus developmental retardation group and the recurrent respiratory tract infection group (P=0.0466). There was also a significant difference between the recurrent respiratory tract infection plus developmental retardation group and the normal control group (P=0.0009). The effects of intervention in these infants were identified to be significantly associated with gastroesophageal reflux disease and cytomegalovirus infection (CMV). There was a significant occurrence of gastroesophageal reflux disease among infants in whom intervention resulted in cessation of inhaled oxygen administration (P= 0.041), and a significant incidence of CMV infection among infants in whom intervention was ineffective (P=0.029; Table III) .
Results of multivariable logistic regression. Among the factors examined in this study, BPD severity, gestational age and PDA closure time were demonstrated to be significantly associated with prognosis in the multivariable model. Higher BPD severity indicated higher odds of a poor prognosis [odds ratio (OR)=9.82, P=0.0002); higher gestational age and PDA closure time indicated lower odds of poor prognosis (gestational age, OR=0.61, P=0.021; PDA closure time, OR=0.94, P=0.043; Table IV) .
For delayed development, when all factors with clinical meaning were included in the multivariable model, BPD severity, duration of non-invasive ventilation, hypothyroidism and level III (or above) intracranial hemorrhage were identified to be significantly associated with delayed development. The odds of delayed development were significantly increased as the BPD severity increased (OR=3.904, P=0.006), as the duration of non-invasive ventilation increased (OR=1.07, P=0.038), in infants with hypothyroidism (OR=11.23, P=0.002) and level III (or above) intracranial hemorrhage (OR=7.41, P=0.02; Table IV) .
For repeated infection of the respiratory tract, following the inclusion of all factors with clinical meaning in the multivariable model, BPD severity was determined to be significantly associated with repeated infection of the respiratory tract. The odds of repeated infection of the respiratory tract were significantly increased as the BPD severity increased (OR=5.72, P=0.001; Table IV) .
Discussion
In this retrospective study, it was shown that the major clinical features that influenced the short-term prognosis of infants with BPD (until a corrected gestational age of 12 months) included duration of invasive ventilation, duration of oxygen therapy, application of steroids, type of PDA closure, BPD severity and hypothyroidism.
Gestational age has been shown to be predictive for BPD risk on postnatal days 1 and 3, and respiratory support on postnatal days 7, 14, 21 and 28 (19) . An NICHD study of 4,866 premature infants who had a birth weight of ≤1,000 g and a gestational age of <32 weeks revealed that infants of gestational age ~25.7 weeks developed BPD, while those of gestational age ~27.8 weeks did not (12) . However, the mean gestational age of the premature infants with BPD in the present study was 28.75±1.44 weeks. Similarly, although previous studies revealed an inverse correlation between birth weight and the severity of BPD, and only 15% of premature infants with a birth weight of 1,000-1,250 g were reported to have a higher than moderate severity of BPD (14, 20) , BPD severity was higher than moderate in 28.3% of the present study population (birth weight, 1,242±278.58 g). The reasons for these discrepancies could be the lower level of treatment facilities available in developing countries compared with developed countries. Mechanical ventilation over the course of a few days or weeks is known to result in progressively worsening pulmonary function, increasing demands on oxygen concentration level and respiratory failure, leading to BPD (10) . This was consistent with the results of the present study, which revealed significantly higher mean durations of invasive and non-invasive ventilation, and a longer duration of oxygen therapy in infants with repeated infections of the respiratory tract plus delayed neuro-development compared with infants who had a normal prognosis. These data suggest that shorter durations of oxygen therapy were associated with less severe BPD, and an improved prognosis.
The current definition of BPD is not based on the assessment of lung function or physiology, but involves a subjective assessment of oxygen requirement and ventilation support (2, 4, 21) . In the present study, the roles of factors such as combined ventilator-related pneumonia, atelectasis, PDA, reflux, sepsis and necrotizing enterocolitis, which could play a role in the reliance of oxygen therapy beyond 28 days were investigated. Some patients had multiple complications, such as anemia combined with pneumonia, pneumonia combined with atelectasis or PDA combined with anemia and pneumonia (data not shown). Interventions to resolve complications resulted in cessation of oxygen therapy in 12 infants, and decreased oxygen therapy in 26 infants, while interventions were ineffective in 15 infants. It is possible that the 12 patients (14.8%) who ceased oxygen therapy did not have real BPD. Differences in the efficacy of interventions between different groups indicated that interventions for complications <28 days after birth may predict a better prognosis if oxygen inhalation is discontinued. It remains to be determined whether these infants continue to fulfill the criteria for BPD diagnosis. It is possible that infants who continue to rely on oxygen therapy for >28 days due to complications may progress to chronic lung injury (12) . However, it is notable that waiving oxygen therapy in the majority of the premature infants with BPD was impacted by the clinical existence of complications in addition to subsequent damage to the lungs leading to the durations of oxygen therapy being prolonged. It is possible that genetic susceptibility could play a role in infants with BPD who have pneumonia, atelectasis, anemia, PDA, CMV infection and cardiac failure, for whom it was not possible to cease oxygen therapy following intervention.
The results of the present study indicated that a prolonged duration of mechanical ventilation induced more complications during the hospital stay. The major complications in the group which ceased oxygen therapy following interventions were anemia and heart failure, PDA, reflux and hydrocephalus, when compared with the group which exhibited improvement and the group in which interventions were ineffective. However, treatment of anemia and heart failure in the improved group and the ineffective group did not result in cessation of oxygen therapy, suggesting that anemia and heart failure did not play a role in induction of BPD. Notably, the group with cessation of oxygen therapy had fewer patients with pneumonia and atelectasis, which are considered to be factors that require the initiation of oxygen therapy. This suggests that recurrent lung infection and atelectasis, which are causes of long-term oxygen reliance, could play a role in the induction of BPD. These data indicate that reliance on oxygen therapy for >28 days may be due to external factors, and premature infants who require oxygen therapy for >28 days due to non-respiratory system diseases (such as central respiratory failure and diaphragm paralysis), should not be categorized as having BPD, unless respiratory distress exists.
A previous study investigating the impact of BPD on long-term prognosis, suggested that long-term prognosis was not associated with the duration of oxygen therapy (including the requirement for oxygen therapy at 36 weeks PMA) (14) . One study suggested that BPD was associated with the length of hospital stay for respiratory distress, but not the number of hospital stays (22) , while another study indicated that BPD was correlated with an increased number of hospital stays (23) . The severity of BPD has been shown to be positively correlated with poor prognosis of the respiratory system (24) . In the present study, logistic regression analysis revealed that factors associated with the prognosis of premature infants with BPD include the duration of invasive and non-invasive ventilation, duration of oxygen therapy, type of PDA closure, BPD severity, application of steroids, hypothyroidism and ROP. A previous study reported that persistent PDA was significantly associated with increased duration of mechanical ventilation, oxygen treatment and rates of BPD (25) . Sadeck et al (26) reported that the conservative approach to PDA was associated with high mortality, the surgical approach to the occurrence of BPD at 36 weeks, and pharmacological treatment was protective for the outcome of mortality or BPD at 36 weeks. The present study had similar observations. In children with low birth weight, surgical PDA ligation may cause atelectasis, pulmonary infection, sepsis and other complications contributing to worsening of the severity of BPD. Based on the present study's finding that the durations of invasive ventilation and oxygen therapy were highest in the recurrent infection of respiratory tract plus delayed neuro-development group, and second highest in the recurrent infection group, it is likely that the durations of invasive ventilation and oxygen therapy may be good prognostic indicators. BPD and the administration of steroids after birth have previously been shown to be high risk factors of delayed neuro-development in ELBW infants (18-22 months corrected gestational age) (27, 28) . Other studies indicated that the administration of steroids after birth in order to prevent and cure BPD could increase the incidence rate of cerebral palsy (23, (29) (30) (31) (32) (33) . The results of the present study demonstrated a strong association of the application of steroids with recurrent infection of the respiratory tract plus delayed neuro-development (100%), and with delayed neuro-development (75%). However, 48.8% of infants who were administered steroids had a normal prognosis, and were therefore at risk of developing combined respiratory system disease and delayed neuro-development. Infants with delayed neuro-development had the highest incidence of hypothyroidism, followed by infants in the recurrent infection of the respiratory tract plus delayed neuro-development group. Notably, persistent hyperthyrotropinemia has been shown to result in poor neurological outcomes (34) .
In conclusion, the present study indicated that the duration of invasive ventilation, duration of oxygen therapy, application of steroids and hypothyroidism were among the clinical factors associated with the prognosis of premature infants with BPD (12 months corrected gestational age). On the basis of these results, it is suggested that shortening the duration of invasive ventilation and correcting thyroid function are potential clinical strategies to improve prognosis in these infants. Additionally, BPD severity appears to be an indicator of prognosis, since there was a significantly lower incidence of combined recurrent respiratory infection and delayed neuro-development among infants who ceased oxygen therapy within 36 weeks (PMA). Therefore, prognosis may also be improved by strengthening the management and optimizing the follow-up of the high-risk BPD infants on the basis of the clinical features. However, a major limitation of this study is that it was conducted as a single center, single arm study, with no controls or parallel groups. This may introduce bias into the current study and therefore, a further multi-center study may help overcome this limitation.
